Theoretical predictions for a new class of organic polymers, polyarenemethides, are presented and discussed. These polymers are designed to possess degenerate ground-state bonding patterns as in transpolyacetylene, thus allowing for the existence of isolated soliton defects. The generic backbone is given by the repeat unit [-phenyl-CH=quinoid=CH-]. 
Over the last few years numerous polymeric materials have been synthesized which on ionization yield complexes with (PPS), 4 and polythiophene (PT).
5 Because these doped materials exhibit similar electronic properties, a search has ensued for an underlying model of electronic structure to correlate their electronic properties. The concept of conduction by spinless charged defects has been introduced by Su, Schrieffer, and Heeger (SSH) 6 in a theoretical description of solitons in PA. The SSH model has been refined and extended to apply to PPP, 7 PPY, and PT; in addition, various approaches have been used to explore the mathematical consequences of the SSH Hamiltonian.
It is now generally recognized' that trans-PA is fundamentally different from other conjugated polymers in that its ground-state bonding geometry has two energetically degenerate forms:
. . . =C-C=C-C=C -.~.
connectivities also yield degenerate ground-state bonding patterns (equal energy resonance structures). ' To theoretically explore the electronic structure of the proposed polymer systems, an accurate description of the atomic geometry is required. For hydrocarbons a reliable computational technique best known by its acronym MNDO has been developed by Dewar and Thiel. '6 (MNDO stands for modified neglect of differential overlap and refers to the specific approximations made in constructing the Hamiltonian. ) In applying the MNDO technique, we construct for each polymer a corresponding oligomer (short-chain analog) containing at least five repeat units; the oligomers are terminated with hydrogens. The geometry of each oligomer is optimized using the MNDO method. To eliminate any effects due to end groups, the atomic geometry of the central repeat unit of the oligomer is transferred to constitute the periodic description of the polymer. The band structure of this periodic system is then determined with the valence effective Hamiltonian (VEH) technique, '7 a non-self-consistent pseudopotential calculation which has been highly reliable for other polymeric systems. '7 The predicted geometry of the generic PAM backbone is not planar (as depicted in Fig. 1 All of the PAM polymers have band gaps less than that of PA (which has the smallest band gap of the known precursors to conducting polymer systems). The ionization potentials, which measure the relative ease of removing an electron, are also significantly smaller than for PA. Therefore, acceptor species (oxidants) which are not powerful enough to ionize PA may be sufficiently electronegative to ionize PAM to p-type conductivity. The ionization properties are also given as electrochemical potentials (relative to a saturated calomel electrode, SCE) since the doping procedure is frequently performed electrochemically and ionization data on conducting polymers can be derived in this manner.
Though the most obvious role of the bridging units (CH2, S, or NH) is to force the system to a planar geometry, it is clear from the table that they also play an important role in influencing the accessible energy levels near the band edges. Results for the NH bridged polymer are significantly different from those for the other PAM polymers. The same trend can be found when S and NH are used as bridging groups in cis-PA to yield polythiophene and polypyrrole, respectively. For example, the VEH result for the oxidation potential of polypyrrole is -0.6 V ( -0.4 V, experiment) compared to 0.7 V (0.6V, experiment) for polythiophene. ' Variations for the PAM polymers displayed in Table I are similar.
The VEH predictions for m-electron bandwidths (valence bandwidth) are smaller in the PAM polymers than PA, as could be expected for the larger repeat unit in PAM. This implies lower charge carrier (hole) mobilities in the PAM system; soliton mobilities should also be lower than in PA.
The calculations have been extended to describe defect formation in PAM. A less sophisticated computational procedure is applied in which the physics of the defects is embodied in the interactions of the m electrons (interacting out-of-plane p orbitals) on a o. -bonded atomic framework. The total energy, m electron plus o-framework, is a function of th|"bond lengths. Although this situation can be modeled by the SSH Hamiltonian, it has been dealt with here in a more direct (but equivalent) manner by application of Huckel theory including cr-bond compressibility. Results for the defect-free PAM polymer are considered first, as they provide the basis for the calculations of defect structures to follow. The geometry is chosen in accordance with the results described above (CH2-or S-bridged polymers), but we find that in the Huckel approximation, the energy can be lowered slightly if the. The same procedure has been used to model the PAM polymer containing various soliton and polaron defects. A neutral soliton (radical) defect is simulated by constraining the bonds on both sides of one bridging CH unit to be of equal length. This forces a phase shift in the bonding pattern of the polymer backbone as shown in Fig. 2 (a) .
Geometrically this corresponds to introducing a radical at the bridging site. The geometry of rings in the vicinity of the defect is then subjected to an optimization procedure, the results of which are shown in Fig. 2(b) . Quinoidlike structures develop on the rings near the soliton site and are ' stabilized by the resonance energies of allyl-like fragments on the bridges. The distortions to the geometry due to the presence of a soliton are almost completely localized within four rings. The electronic structure associated with the defect has a single half-filled level at midgap, exactly as in PA. The spin density in this state is more extended than the geometric distortions; the total spin density within six rings is 0.9x Tt. Interestingly, it is exactly zero on the defect site (bridging carbon). The extension of spin or charge density beyond the region of geometric distortion is similar to that observed in calculations for PA. ' The energy required to create the soliton in PAM is 0.33 eV; this can be considered as the energy of vertical excitation by half the band gap, 0.53 eV, followed by a geometric relaxation around the defect site which returns 0.2 eV. The energies are smaller than in PA due to the smaller gaps in PAM, but the physics of defect formation is the same.
A polaron corresponds to a radical-ion associated with a local lattice distortion and can be viewed as a coupled pair of soliton defects, one charged and the other uncharged [Fig. 2(c)]. For initial studies on the PAM system, the modified Huckel theory is applied to the PAM polymer with a polaron (radical cation) introduced by removing one electron from the system. Optimization of the geometry yields the results presented in Fig. 2(c) . Geometrically the polaron extends over about five rings; however, its spin density is calculated to extend beyond the range of geometric distortion, the total density within seven rings being 0.79x Th. The PAM system shows an interesting feature that we have not seen before: the maximum spin density occurs on the bridging carbon site one ring away from the central site of the polaron.
The calculations indicate that the polaron has a binding energy of 0.02 eV, compared to 0.05 eV in PA and 0.03 eV in PPP. The interaction between the charged and neutral soliton defects (each of which, if separated, would cause the existence of a midgap energy level) splits the electronic levels in the gap by 0.74 eV; thus, the half-filled level of the positive polaron is 0.15 eV above the valence band edge. The splitting is 70% of the total gap as compared to 57% in PA. 7 
